Due to methodological difficulties related to the small size, variable distribution of hippocampal arteries, and the location of the hippocampus in the proximity of middle cranial fossa, little is known about hippocampal blood flow (HBF). We have tested the utility of a pulsed arterial spin labeling sequence based on multi-shot true fast imaging in steady precession to measure HBF in 34 normal volunteers (17 women, 17 men, 26-92 years old). Flow sensitivity to a mild hypercapnic challenge was also examined. Coregistered 3D MPRAGE sequence was used to eliminate from hippocampal and cortical regions of interest all voxel with <75% of gray matter. Large blood vessels were also excluded. HBF in normal volunteers averaged 61.2 6 9.0 mL/(100 g min). There was no statistically significant age or gender effect. Under a mild hypercapnia challenge (end tidal CO 2 pressure increase of 6.8 6 1.9 mmHg over the baseline), HBF response was 14.1 6 10.8 mL/(100 g min), whereas cortical gray matter flow increased by 18.0 6 12.2 mL/(100 g min). Flow response among women was significantly larger than in the men. The average absolute difference between two successive HBF measures was 3.6 mL/(100 g min) or 5.4%. The 3T true fast imaging in steady precession arterial spin labeling method offers a HBF measurement strategy that combines good spatial resolution, sensitivity, and minimal image distortions. Magn Reson Med 65:128-137,
Hippocampus, located in the medial temporal lobe, plays an essential role in the formation of new memories and is involved in general declarative memory function (1, 2) . Hippocampal dysfunction is well documented in Alzheimer's disease, epilepsy, and other neurological disorders. Due to methodological difficulties related to the small size, variable distribution of hippocampal arteries, and the location of the hippocampus in the proximity of middle cranial fossa and large vessels, little is known about hippocampal blood flow. Hippocampal blood is supplied by branches of the posterior cerebral artery, the anterior choroidal artery, and by numerous internal hippocampal arterioles arising from both of these vessels (3) . Pathology studies often demonstrate collateral circulation (3) . Accurate measurement must account for ''through-flow'' error caused by blood vessels, such as posterior communicating artery, part of the circle of Willis, located along the medial border of the hippocampus. These vessels may pass through the region but deliver blood to a capillary bed located elsewhere.
Since the first measurement of total cerebral blood flow (CBF) by Kety and Schmidt in 1948 (4) , many regional techniques have been developed. The positron emission tomography (PET) method using Oxygen-15 (O-15) labeled water enabled perfusion imaging of the deep gray structures (5) (6) (7) . In spite of its high costs and limited availability, O-15 PET is still considered the gold standard method for CBF assessment. However, due to the limited spatial resolution and low SNR of CBF estimates in small brain structures (8) , PET provides an inadequate measure of hippocampal perfusion.
MRI-based perfusion imaging can be performed using arterial spin labeling (ASL), a noninvasive technique that uses magnetically labeled arterial blood water as a diffusible tracer. The most extensively used data readout technique for ASL is echo-planar imaging. Echo-planar imaging is extremely sensitive to magnetic field artifacts caused by susceptibility differences across brain-air or brain-bone transitions. These artifacts, more pronounced at 3T than at 1.5T field strength, preclude application of echo-planar imaging sequence in the hippocampus. To overcome image distortions, Fernandez-Seara et al. (9) recently optimized an ASL sequence based on single shot 3D GREASE and demonstrated its utility to image the hippocampus at an isotropic 4 Â 4 Â 4 mm 3 resolution. True fast imaging in steady precession (TrueFISP) is another sequence with reduced sensitivity to susceptibility artifacts. Pulsed ASL sequence based on singleshot TrueFISP has been used successfully to measure perfusion in the brain (10) and other organs (11) (12) (13) . This study validates a new procedure to measure hippocampal CBF. Rather than using QUIPSS approach to reduce ASL sensitivity to vascular signal, we acquire segmented TrueFISP combined with conventional FAIR spin labeling (14) . Resulting ASL data are acquired at spatial resolution that is sufficient to resolve and remove the signal from large blood vessels. While FAIR scheme inverts arterial spins close to the slice of interests (a 1-2 cm gap is inserted to separate the slice from the labeling region), it is associated with residual error most likely due to imperfect inversion profiles. Our technique uses ASL signal in the white matter to compensate for such error. We also restrict hippocampal region to the gray matter, estimated from the coregistered T1-weighted sequence.
There are three parts to our study. We report on reproducibility and the effect of the head motion on CBF estimates. We then provide values of hippocampal and cortical blood flow measured across the human life span. Since our procedures (the use of white matter as a reference region and vessel removal) could potentially reduce the sensitivity to true CBF changes, we also examined perfusion measurements under a mild hypercapnic challenge.
MATERIALS AND METHODS

Subjects
A total of 34 healthy volunteers consented and participated in this IRB approved study. Subjects included 17 women, aged 54.8 6 19.6 years (mean 6 standard deviation), range 26-83; and 17 men aged 54.5 6 19.7, range 26-92. There was no significant age difference between the two genders:
Excluded were individuals with a history of alcoholism, drug abuse, medical (diabetes, evidence of vascular disease), neurological, or psychiatric illness. All subjects were free of overt brain pathology such as tumor, stroke, hydrocephalus or significant trauma. All subjects older than 55 (N ¼ 18) received a complete battery of medical, neurological, psychiatric and neuropsychological assessment and were within normal limits of the Global Deterioration Scale (15) . In subjects below the age of 55, the diagnosis of normalcy was based on clinical interview.
MRI Protocol
All studies were performed on a 3-T Siemens TIM Trio unit equipped with high performance gradients (45 mT/ m maximum strength, 200 mT/m/ms slew rate). A 12-element head coil receiver and a body coil were used. The patient's head was positioned using foam pads located under the head and clamped around the ears to reduce the head movement. The protocol consisted of a high-resolution structural T1-weighted acquisition (MPRAGE), followed by 2D ASL acquisition in the axial plane through the long axis of both hippocampi.
Using the MPRAGE acquisition and the graphical localization software available on the MR console, the operator and the study neurologist determined the plane for the ASL exam (Fig. 1) The pulsed ASL sequence combined FAIR spin labeling with a segmented 2D TrueFISP readout, described in a separate publication (14) . In the FAIR preparation, slice-selective and slice-nonselective inversion RF pulses were applied to generate tagged and untagged images of a 6 mm thick slice. The TI was 1200 ms, the RF pulse duration was 10.2 ms, and the recovery time between labeling pulses was 3 sec. The slice thickness of the applied FOCI pulse was 15 mm. A spoiler 8 mT/m gradient of 9 ms duration was applied during the slice selective inversion pulses. TrueFISP steady state precession readout was based on interleaved acquisition of three segments of the k-space at the rate of 53 lines (217. 3 The entire ASL sequence was then repeated using the inversion delay TI short ¼110 ms, with all remaining parameters being the same as for TI ¼ 1200 ms acquisition. The goal was to provide an estimate the signal difference (labeled-control) when minimal perfusion effects were expected (see below). Finally, a steady state True-FISP sequence was acquired without the FAIR pulse and with NEX ¼ 4 to estimate the equilibrium magnetization M 0 . The total acquisition time was 5:25 min per slice: 2:10 min at TI ¼ 1200 ms, 2:10 min at TI ¼ 110 ms, and 1:05 min to acquire the steady state image.
Computation of CBF
For each exam, hippocampal, neocortical, and deep white matter regions of interest (ROI) were drawn on the ASL images. CBF was computed using the ''standard model'' approximation (16):
where DM is the adjusted (see below) difference between tagged and untagged signal, l is the blood-tissue water partition coefficient (assumed 0.9 mL/g), s is the inversion efficiency, TI is the inversion delay (1200 ms), and M 0 is the equilibrium magnetization. M 0 was estimated from the steady state TrueFISP sequence (17) . We have used T 1 of the arterial blood at 3T, reported in (18) as 1930 ms, to approximate tissue T 1 in the above equation.
Compensation for Imperfect Inversion Profile-Short TI Method
A prerequisite for accurate ASL measurement is that in the absence of flow, the signal strengths M 2 of tagged and M 1 of untagged image be identical. This requirement is difficult to achieve because of imperfect inversion profile associated with FAIR scheme. Two different ways for adjusting DM were tested. Our first calibration method (short TI method) assumes that no flow-related tagging is reflected in the signal difference DM short measured at TI short :
The exponential term reflects the decay of magnetization between TI short and TI of the main ASL acquisition.
Compensation for Imperfect Inversion Profile-White Matter Method
For our second calibration technique (white matter method), we assumed that the perfusion rate of cerebral white matter is consistently low, approximately 3-4 times lower than cortical flow (5, 19, 20) . Thus, the signal difference measured in white matter at TI ¼ 1200 ms can be used to correct CBF in more perfused gray matter regions:
The term DM WM denotes the difference between tagged and untagged signal in white matter ROI. Based on prior studies, we assumed the nominal value of 25 mL/(100 g min) for white matter flow FW avg (5, 19, 20) . We have also investigated how this assumption affects CBF measurement in gray matter regions by simulating systematic error in FW avg and error in vascular transit time.
CBF Response to Mild Hypercapnia
For measurement of CBF response during mild hypercapnia, ASL measurements were repeated using a noninvasive partial rebreathing technique. Subjects were fitted with a mouthpiece, nose clip, and a respiratory tube (Fig. 2) . The expired air was sampled continuously by an infra-red capnometer via a 3-m long cannula attached to the mouthpiece. To reduce the variability in hypercapnia level achieved during partial rebreathing, the length of rebreathing tube was individually adjusted in a training session that took place before each exam. Tube length was selected to raise end-tidal CO 2 (ETCO 2 ) by 7 mmHg over the baseline level. The training session also served to familiarize each subject with the protocol and to reduce their level of anxiety. Heart rate, respiratory rate, and blood oxygen saturation were monitored continuously during the ASL exam. When computing CBF under hypercapnia challenge, the calibration described in Eq. 3 was based on the baseline acquisition, i.e., the nominal value for white matter flow was no longer assumed.
Measurement of Hippocampal Volume
The hippocampus was traced on coronally-reformatted MPRAGE images using anatomical rules (21, 22 ) that have been validated at postmortem (23) and are in use in several other laboratories (24, 25) . Tracing begins anteriorly at the interface of hippocampus with the amygdala that is identified from sagittal views, and end posteriorly at the anterior crus of ascending fimbria-fornix. The superior/lateral border is defined by the alveus and temporal horn. The medial border abuts the ambient cistern. The uncal sulcus separates the inferior surface of the hippocampal head from the subiculum of the parahippocampal gyrus. Near its posterior, the smaller hippocampal body is bounded on its medial side by the transverse fissure of Bichat and on the inferior side by the white matter of the parahippocampal gyrus. The surrounding cortical structure of the subiculum is included in the hippocampal volume, as the hippocampus-subiculum demarcation cannot be reliably traced. The hippocampal volume was obtained by multiplying the number of voxels by the known voxel volume and summed across slices. We have also expressed the hippocampal volume as the fraction of the intracranial supratentorial volume (traced at the dural and tentorial margins) to correct for variable brain size (prior to atrophy).
Cortical and Hippocampal ROIs
High resolution 1 Â 1 Â 1 mm 3 MPRAGE volumes were segmented into the gray matter, white matter, and cerebrospinal fluid by applying the SPM2 voxel-based morphometry algorithm (26, 27) .The segmented images indicate the tissue fraction of gray or white matter per voxel. As a second step, ROIs for the hippocampus, deep periventricular white matter, and cerebral cortex were drawn on the TrueFISP image. The image was then coregistered with the MPRAGE volume using a rigid body transformation computed from the values in ''Image Orientation Patient'' and ''Image Position Patient'' DICOM tags of these two sequences. Each voxel of each ROI was then examined in relation to its SPM2-derived gray matter and white matter density. If the hippocampal or a cortical voxel was found to contain <75% of gray matter, the voxel was deleted. Similarly, voxels in white matter ROIs were eliminated when found to contain <75% of white matter. Furthermore, all brain voxels with CBF exceeding 150 mL/(100 g min) were deemed to contain large blood vessels and were excluded from ROIs.
To examine inter-and intra-observer reproducibility, two individuals generated the hippocampus ROI. The first observer was a neurologist with 6 years experience in research on brain aging. The second, an undergraduate student with no prior exposure to brain anatomy or MRI, was given a 20 min tutorial on hippocampus anatomy and was shown three sample ROIs. After this brief tutorial, ROIs were drawn blind to each other. The second observer repeated the ROI drawings after 2 months, blind to the first drawings. Observers used locally developed software that provides the user with an electronic paintbrush and eraser tools. The manual segmentation of the hippocampus took on the average 15 sec.
The Effect of Head Motion
As head movement cannot be completely eliminated or postcorrected, appropriate procedures should be taken to remove from consideration images contaminated with large head movements during the scan. For this reason, we assessed the head motion for each ASL exam. We also experimentally assessed the effect of head motion on CBF reproducibility. Head motion was monitored during the scan using built-in MRI video camera system and retrospectively quantified in each volunteer by measuring the signal intensity H outside the head. For segmented k-space acquisition, head motion causes ghosting features that can be estimated from the image area located outside the head. We have automatically constructed the fringe area (gray region in Fig. 3 ) defined as a 12 mm wide ring separated by 5 mm from the scalp. TrueFISP signal in the fringe area (after normalization to the signal in the white matter) yielded the head motion index H. It should be noted that H is only sensitive to within-plane head motion.
ASL Reproducibility and Stability Tests
The precision of hippocampal CBF was estimated by repeating the measurements on a sample of 13 volunteers. After completing the first acquisition, these subjects were removed from the magnet for 5 min, then returned to the magnet and reexamined with a second ASL procedure. Single measure intraclass correlation analysis was used to compare the two CBF estimates.
To assess the stability of the CBF measurement for the relatively small hippocampus, we have computed the hippocampal CBF and compared it with the value obtained after applying a morphological erosion operator that shrinks the hippocampal ROI by one layer of voxels. Linear regression analysis was used to examine the influence of age and gender on CBF and volume of the hippocampus.
RESULTS
Reproducibility
Using ''short TI'' technique, the average absolute difference between two successive CBF measures in the hippocampi was 5.1 mL/(100 g min), or 9.8% and intraclass correlation coefficient (ICC) was 0.78. Improved reproducibility was obtained using ''white matter'' calibration technique, with absolute difference averaging 3.6 mL/ (100 g min) (5.4%) and ICC ¼ 0.90 (Fig. 4) . Similarly, the reproducibility in the cortical gray matter was 7.6 mL/ (100 g min) (12.6%), ICC ¼ 0.71, for the short TI method and 6.2 mL/(100 g min) (8.8%), ICC ¼ 0.86 for the white matter technique. Because of its increased precision, the latter technique was used in all results reported below. 
Resting Flow Versus Age and Gender
The hippocampal blood flow averaged 61.2 6 9.0 mL/ (100 g min). There was no statistically significant age or gender effect (Fig. 5, left panel) . The global cortical flow averaged 57.2 6 10.4 mL/(100 g min) and there was a significant linear relationship with age (Fig. 5, right) : CBF 00 ¼ À0.18*age þ 67.3, P ¼ 0.04. Resting cortical CBF in 12 subjects <45 years old was 64.2 6 10.0 mL/(100 g min), with coefficient of variability of 16%, which was larger than the corresponding coefficient of variability of 12.7% in the hippocampus. There was no gender effect for resting cortical CBF. Figure 6 plots the relationship between resting CBF and corresponding ETCO 2 . In four subjects, ETCO 2 could not be reliably recorded. There was a significant positive association between CO 2 and cortical gray matter CBF (regression line: CBF ¼ 1.23*ETCO 2 þ 8.9, P ¼ 0.03) and a trend for increased hippocampal flow with increasing CO 2 level (regression line: CBF ¼ 0.96*ETCO 2 þ 23.0, P ¼ 0.07).
Resting Flow and ETCO 2
Flow Response to a Mild Hypercapnia Challenge
For each patient, a steady-state level of ETCO 2 was achieved within about 30 sec after breathing through the tube. Partial rebreathing yielded ETCO 2 increase of 6.8 6 1.9 mmHg over the baseline level. There was no aging or gender effect on ETCO 2 change (females: 6.7 6 1.8 mmHg, males: 6.9 6 1.9 mmHg). Hypercapnia resulted in a significant CBF increase in all brain tissue (Fig. 7) . Cortical gray matter response of 18.0 6 12.2 mL/ (100 g min) was larger than hippocampal blood flow response of 14.1 6 10.8 mL/(100 g min). Both hippocampus and neocortex responses were larger than 5.4 6 7.8 mL/(100 g min) change observed in the white matter. There was no association between age and CBF response to CO 2 challenge. However, the cortical flow increase among the women was significantly larger than in the males (t-test, t ¼ 1.67, P ¼ 0.05) and there was a statistical trend for larger response in female white matter (t ¼ 1.39, P ¼ 0.09). No gender effect was observed in the hippocampal response to mild hypercapnia. Figure 8 shows tagged TrueFISP and flow images in three normal volunteers representing the adult lifespan. General structural atrophic changes due to aging are readily apparent. For all cases, hippocampal anatomy and large vessels along the medial surface of the hippocampus are clearly depicted. Head Motion, Signal/Noise, and ROI Reproducibility Head motion index H (Fig. 3) was not correlated with either age (R ¼ 0.14,
In the sample of 13 subjects with two CBF examinations, H was associated with the absolute difference between two successive CBF measures for the cortex (R ¼ 0.57, P ¼ 0.04) but not for the hippocampus (R ¼ 0.20, P ¼ 0.51).
Across all subjects, the difference between the original and the eroded hippocampal ROI averaged only 2.4 6 2.1%, suggesting sufficient signal/noise.
The mean absolute discrepancy between hippocampal CBF using the same data but different observers was 2.8 6 2.4 mL/(100 g min) and ICC was 0.93. Intra-observer discrepancy was 2.4 6 1.9 mL/(100 g min), ICC ¼ 0.95.
Hippocampal Volume
There were significant age-related (P ¼ 0.006) and gender (P ¼ 0.007) effects on the full hippocampal volume (computed from the high-resolution 3D MPRAGE sequence). The linear regression equation for hippocampal volume (mL) was 6.1 À 0.017*age. The age, but not the gender, remained a significant contributor when hippocampal volume was measured relative to intra-cranial cavity volume. There was no correlation between the hippocampal volume and the CBF.
Volumes of hippocampal ROI on ASL image were smaller than volumes measured on 3D MPRAGE. The distribution of ratios (ASL ROI volume)/(MPRAGE-derived volume) was 0.742 6 0.078. Figure 9 demonstrates the effect of systematic error in assumed value of FW avg and error in transit time. Even in a low gray matter perfusion scenario (50 mL/100 g min), a 620% FW avg error results in a modest 610% gray matter error. The error corresponding to unknown discrepancy Dt WM À Dt HIP between vascular transit time for the white matter and for the hippocampus is also less than 10%, (Fig.  9b) provided time delay discrepancy is less than 200 ms.
The Effect of Error in Assumed Mean White Matter Flow
DISCUSSION
To overcome the limitation of echo-planar imaging readout, we have employed segmented TrueFISP imaging at 3T that is largely free of susceptibility artifacts and has adequate precision and spatial resolution (voxel volume <10 mm 3 ) to assess CBF in the hippocampus. The results show good reliability and reproducibility. While head motion is detrimental to accurate assessment of regional CBF, we show that head motion problem is manageable even in exams involving elderly subjects and that it is less severe for hippocampal measurement than for the cortex.
There are only few reports on hippocampal CBF measured with ASL. As part of a study on hippocampal perfusion in Alzheimer's disease, Alsop et al. (28) used ASL technique based on 3D Fast Spin Echo imaging sequence to measure CBF in a group of 16 healthy controls aged 72.6 6 8.9 years. Before atrophy correction, the ratio of hippocampal CBF to visual cortex was 0.97 6 0.22. Raw hippocampal CBF values were not reported. Since our oblique hippocampal slice included only a small portion of the visual cortex, an exact comparison of our results with (28) is difficult. However, in 16 of our healthy elderly >60 year old (mean age 71.8) we observed hippocampal/visual cortex CBF ratio of 1.03 6 0.13, in good agreement with Alsop et al.
Our study of the effect of normal aging and gender on CBF and its response to hypercapnia confirm the classic PET findings (29) of age-related CBF decrease in neocortex. Using a novel algorithm that corrects for partial volume effect in ASL-MRI, Asllani et al. (30) demonstrated a global gray matter reduction in partial volume effectcorrected CBF in 30 healthy elderly (age range 62-86, CBF ¼ 88.2 mL/(100 g min), when compared with 26 healthy young individuals (age range 21-31, CBF ¼ 107.3 mL/(100 g min)). Linear extrapolation yields an annual decrease which is larger than annual CBF reduction in cortical gray matter we have observed. The discrepancy could be attributed to significant methodological differences between our studies.
Our data suggests however that the hippocampal perfusion, in contrast to neocortical perfusion, is not as vulnerable to aging. A possible explanation of the preservation of hippocampal CBF is the proximity of the hippocampus to the circle of Willis, resulting in a direct and short path of arterial input supply. It is also entirely possible that the hippocampal blood flow is age-related but the changes are too small to be detected using present methodology (31) .
We observed that the hippocampal volume decreased by 0.02 mL per year, in agreement with other reports (32) (33) (34) (35) (36) (37) (38) (39) , but this was unrelated to the CBF.
Our measurements of the resting cortical CBF in younger healthy adults, 64.2 6 10.0 mL/(100 g min), agrees (41) reported 55.1 6 11.8 in temporal and 57.6 6 11.7 in occipital cortex. The reason of relatively high variability of the resting cortical CBF across normal subjects is not well understood. One explanation, suggested by our data in Fig. 6 , is the inter-individual differences in vascular tone, i.e., the state of contractile tension in the vessel walls (42) . Clearly, many other factors could contribute to variability of resting CBF.
Our CBF technique is sensitive to both the resting level and to mild changes in ETCO 2 . In response to a mild hypercapnia challenge averaging 6.8 mmHg increase in end tidal pCO 2 , we observed CBF increase in all brain tissue, with cortical gray matter CBF averaging 18.0 mL/(100 g min) or 31% over the baseline. This magnitude of gray matter CBF increase is in close agreement with a 30.4% increase observed by Bulte et al. (43) in response to a breath-holding induced challenge (6.4 mmHg increase in end tidal pCO 2 ).
Because hypercapnia is assumed to increases CBF without changing brain metabolism, response to hypercapnia is increasingly used as a calibration step to estimate the maximum possible BOLD signal change in functional MRI (44) .
We confirm the previously reported gender effects in the CBF response to hypercapnia (41, (45) (46) (47) . For reason unknown, the female resting CBF is equivalent to the male but the response to CO 2 is larger.
This study has several limitations. One limitation of the TrueFISP ASL protocol is the acquisition time of $ 2 min/slice that makes it impractical to examine the entire brain or to detect activations that occur at temporal resolution of a few seconds. Lengthy acquisition time is of special concern when imaging impaired patients. However, relatively high precision of current protocol suggests that the exam may be acquired with fewer than eight repetitions, yielding faster throughput.
A more adequate flow quantification formula, derived by Alsop and Detre (48) and modified by Wang et al. (49) , could be used to reflect two-compartmental distribution of tagged water in small arterial vessels and brain tissue. The potential sensitivity to unknown transit time from the tagging band to the image voxels could also be minimized with QUIPSS II ASL approach, in which a saturation pulse is applied after the inversion pulse to externally define the duration of tagging bolus. It would be of interest to compare our technique with QUIPSS and other recently proposed quantitative measurements of perfusion that acquire images at two or more TI values.
An additional limitation is related to the use of ASL signal in normally appearing white matter to reduce measurement variance. Clearly, this method precludes assessment of white matter flow (but not its vasoreactivity). Also, the departure of cerebral white matter flow from its assumed value of 25 mL/(min 100 mL) will be a source of systematic CBF error. It should be noted that the method does not simply scale CBF as the ratio against the mean white matter flow. Instead, as shown in Fig. 9a , there is an attenuated effect of error in assumed value of FW avg on the gray matter flow. Parkes et al. (20) recently reported white matter CBF of 24 6 4 mL/(100 g min), with no age or gender effects.
Because ROI on ASL image represents a single 6 mm slice through the center of the hippocampus (Fig. 1) , its volume is $25% smaller (on the average) than full hippocampal volume measured from 3D MPRAGE. Unsampled portion include mostly the dome of the hippocampal head. A more complete protocol would include a second slice that is adjacent and positioned immediately above our slice.
In spite of its limitations, the ability of the method to correlate local blood flow values with high resolution anatomy may be important in the management of patients with a broad variety of neurological disorders. The issue of hippocampal perfusion is of particular interest in dementia research, with a growing number of articles reporting changes in Alzheimer's disease and cognitive impairment. Most of existing observations of hippocampal perfusion in AD are based on low resolution SPECT studies (50, 51) , and the results have been inconsistent for SPECT and ASL modalities (28, 52) . This study offers a strategy to examine hippocampal perfusion The use of white matter correction method assumes the time delay Dt from tagged slab to ROI to be the same as the time delay to the white matter. The error in hippocampal CBF (vertical axis) corresponding to variable difference Dt WM À Dt HIP between Dt for the white matter and for the hippocampus (horizontal axis), was simulated assuming Dt WM ¼ 600 msec and TI ¼ 1.2 sec. Relatively low CBF errors are expected, provided time delay discrepancy is under 200 ms.
using 3T TrueFISP ASL technique that combines good spatial resolution, minimal susceptibility distortions, and high sensitivity.
